The ability to utilize serum or plasma samples interchangeably is useful for tuberculosis (TB) serology. We demonstrate a strong correlation between antibody titers to several mycobacterial antigens in serum versus plasma from HIV-infected and non-HIV-infected TB and non-TB patients (r ‫؍‬ 0.99 to 0.89; P < 0.0001). Plasma and serum can be used interchangeably in the same antibody detection assays.
An estimated 9.4 million new cases of active tuberculosis (TB) occur each year globally, and many are challenging to diagnose, especially those that occur in HIV-infected individuals (18) . Much progress has been made in the field of TB serology in the past decade (10, 13, 15 ; reviewed in reference 16) , and recent studies have indicated that serodiagnosis in the form of detection of antibodies (Abs) to immunodominant antigens of Mycobacterium tuberculosis could be a useful adjunct test to diagnose TB earlier (2, 3, 17) . Traditionally, serum is used to test for Abs to mycobacterial antigens. Serum differs from plasma in that it does not contain fibrinogen and clotting factors. However, plasma, obtained from samples for routine clinical or research-related tests, is often leftover and sometimes stored, especially from HIV-infected individuals. It would be beneficial if serological studies could use serum and plasma, including stored samples, interchangeably.
Although one would expect similar levels of proteins detected in serum and in plasma, several studies suggest that blood sample preparation and storage conditions could have an influence on concentrations. For example, some proteins, such as beta-2-microglobulin or Plasmodium falciparum histidine-rich protein 2, have been detected in significantly lower concentrations in human plasma than in serum (5, 11) , and while very high and significant correlations between plasma and serum levels were obtained for C-reactive protein or insulin (4, 7) , no statistically significant correlation was found for cytokines such as interleukin-1␤ (IL-1␤) and tumor necrosis factor alpha (TNF-␣) (7) . It is also conceivable that storage of plasma samples, which can lead to precipitation of some proteins due to polymerization of fibrin, could result in Ab levels different from those found in serum.
Many Ab detection assays are licensed for the use of serum or plasma samples, but to our knowledge, few studies have correlated Ab titers to microbial antigens between simultaneously obtained serum and plasma samples. One study, using a commercial test, showed a very strong and statistically significant correlation between serum and plasma immunoglobulin G (IgG) Ab responses to a herpes simplex virus 2 glycoprotein (6) . We are aware of only one study in the field of TB serology that evaluated results of a commercial serodiagnostic test (ICT Tuberculosis test; Amrad Corporation, Melbourne, Australia) in simultaneously obtained serum and plasma samples (9). This card-based test detects IgG Abs to 5 M. tuberculosis antigens in 4 lanes on a test strip which does not allow for the evaluation of Ab levels. Although sensitivities and specificities of the ICT Tuberculosis test for plasma and serum were similar, correlation of Ab titers between the different sample preparations was not possible. To our knowledge, no studies have compared the levels of Abs to mycobacterial antigens between simultaneously obtained serum and plasma. Therefore, the objective of our study was to correlate Ab titers to mycobacterial antigens between concurrently obtained serum and plasma and determine whether these samples could be used interchangeably in serologic assays.
Serum and plasma samples were obtained concurrently from 37 subjects and stored at Ϫ70°C until tested. Heparin was used as the anticoagulant to obtain plasma, and all tubes were centrifuged for 10 min at 2,500 rpm to separate cells from serum or plasma. The mean age of subjects was 44 Ϯ 13 years, 26/37 (70%) were male, 10/37 (27%) had microbiologically proven TB, and 11/37 (30%) were known to be HIV infected. One subject was TB/HIV coinfected. Approval for research with human subjects was obtained from the institutional review boards of the New York University School of Medicine and the Albert Einstein College of Medicine, NY. Two recombinant proteins of M. tuberculosis, the 81-kDa malate synthase (MS; Rv1837c) and the 27-kDa protein MPT51 (Rv3803c), were expressed and purified as previously described (3), and the mycobacterial polysaccharide antigen arabinomannan (AM) was isolated and purified from the Mycobacterium bovis bacillus Calmette-Guérin (BCG) vaccine strain as previously described (14) . These antigens were selected because of their immunogenicity. The two proteins MS and MPT51 have promising potential for the serodiagnosis of TB (reviewed in reference 16), and studies have indicated that Abs to AM could mediate protection against TB (1, 8) . Enzyme-linked immunosorbent assays (ELISAs) were performed basically as previously described (3). Briefly, wells of 96-well microtiter plates (Immulon 2HB; Therma) were coated with either MS or MPT51 at 4 g/ml or with AM at 50 g/ml (50 l/well). Serum and plasma samples, diluted at 1:50, were added in duplicates to the antigen-coated wells, and the bound Abs were detected with either protein A-alkaline phosphatase (1:1,000; Sigma) for detection of IgG or anti-human IgA-alkaline phosphatase (1:1,000; Sigma) followed by p-nitrophenyl phosphate substrate (60 min at 37°C). The optical densities (OD) were measured at 405 nm. Each plate contained corresponding serum and plasma samples that were placed in mirrored positions. Negative controls were processed as described above, except for the addition of serum. Each assay was repeated on two separate days. Prism software, version 5.02 (GraphPad Inc., CA), was used for statistical analysis. Because Ab responses to some antigens were not normally distributed, results for all serum and plasma Ab titers were compared using the nonparametric Spearman rank correlation test.
We found a very strong and highly statistically significant correlation between serum and plasma IgG Ab responses to both mycobacterial proteins (r ϭ 0.88 and P Ͻ 0.0001 for MS; r ϭ 0.89 and P Ͻ 0.0001 for MPT51) as well as to the mycobacterial polysaccharide AM (r ϭ 0.99; P Ͻ 0.0001) (Fig. 1) . Similarly, we found a very strong and highly statistically significant correlation between serum and plasma IgA Ab responses to both mycobacterial proteins (r ϭ 0.92 and P Ͻ 0.0001 for MS; r ϭ 0.94 and P Ͻ 0.0001 for MPT51) (Fig. 2) . In subgroups categorized by HIV status, correlations between serum and plasma Ab responses were equally strong and statistically significant for both IgG and IgA regardless of the presence or absence of HIV infection (Table 1 ). Due to the limited amounts of AM available to us, we were not able to test for IgA Ab responses to this polysaccharide antigen.
This study demonstrates a very strong and highly significant correlation between serum and plasma Ab titers to different mycobacterial antigens in samples obtained from a variety of patients, including those with active TB and HIV infection. The very strong correlation was observed regardless of Ab isotype studied, protein or polysaccharide antigen tested, or HIV status of subjects. Thus, the polyclonal B cell response commonly seen in HIV-infected individuals (12) appeared to have no impact on the degree of correlation between serum and plasma Ab titers. Frozen storage seems to have negligible or no influence on the correlation between serum and plasma Ab titers. Also, the strong correlations did not appear to be different between lower and higher Ab levels. This is an important observation because prior studies concluded that the significant differences observed between serum and plasma concentrations for certain proteins, such as some cytokines or a plasmodial protein, could have been due in part to the overall low concentrations of these proteins (7, 11) . Another study that reported significant differences in the detection of microglobulin levels between serum and plasma samples suggested that the differences observed could have been due to a nonspecific effect of heparin or citrate on the microglobulin because they were not observed between serum and EDTA plasma (5). Our study was limited by the lack of comparison between serum and EDTA or citrate plasma. However, most leftover plasma in clinical practice or research contains hepa- rin, which appeared to have no impact on the strong correlation between serum and plasma Ab titers.
In conclusion, our results indicate that serum and plasma samples from both HIV-infected and non-HIV-infected subjects can be used interchangeably to test for Ab responses to mycobacterial antigens, even in the same assay. These findings can facilitate research in the field of TB serology.
